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particle formation, 507-13 
physics, chemistry, and 
meteorology, 505-34 
production, 505-14 
radioactivity production 
mechanisms, 506, 507 
raindrop nucleation 
by fallout particles, 524, 
525 
removal of debris from the 
stratosphere, 521-23 
size-activity correlation 
in nuclear debris 
particles, 508-13 
stratospheric half-removal 
times, 517-23 
stratospheric reservoir, 
517-23 
tracer use in fallout 
studies, 507 
transport of nuclear 
explosion debris, 514- 
23 
wet deposition of fallout 
material, 525-31 
f meson 
see Pionic resonances 


H 


Heavy ions 
penetration through matter, 
67-102 
see also Stopping power 
High energy proton beams 
monitor reactions for, 261-86 
see also Monitor reactions 
for high energy proton 
beams 


I 


Ionizing radiation effects 
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on biologic macro- 
molecules, 535-64 

see also Radiation effects 
on biologic macro- 
molecules 

Ions 

penetration through matter, 
1-102 

see also Stopping power 


K 


K-mesonic states 
properties of, tabulated, 
340 
see also Strange-particle 
resonant states 
K meson-muon-neutrino 
decay, 470, 471 
see also Muons 


L 


Lipids 
radiation effects, 555, 556 
see also Radiation effects 
on biologic macro- 
molecules 


M 


Macromolecules of 
biological importance 
radiation effects, 535-64 
see also Radiation effects 
on biologic macro- 
molecules 
Magnetic moment of the 
muon, 433-41, 499 
see also Muons 
Mesonic states 
properties of, tabulated, 
289, 340 
see also Pionic resonances; 
Strange-particle 
resonant states 
Meson neutrinos 
mass of the muon neutrinos, 
445, 446 
see also Muon neutrinos 
Mesons 
penetration through matter, 
1-66 
see also Stopping power 
Meteorology of fallout, 
505-34 
see also Fallout 
Monitor reactions for high 
energy proton beams, 
261-86 
absolute cross-section 
measurement techniques, 
263-70 
adopted numerical cross- 
section values, 280, 282, 


283 
Al22(p, 3pn) Na24 
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table of selected values, 
277 


calorimeters for flux 
measurements, 265 

choice of a monitor 
reaction, 262, 263 

counter telescopes for flux 
measurements, 266, 


267 
C12(p, pn) C11 reaction 
table of selected values, 
272 
cross-section data 
critically examined 
Al27(p, 3pn) Na24 
reaction, 275-78 
C12(p, pn) C11 reaction, 
270-75 
cross section for 
production of Be? from 
cl2, 278, 281 
cross section for 
production of F18 from 
Al27, 278, 279 
cross section for 
production of Na22 from 
Al27, 278, 280, 281 
cross section for 
production of Tb!49 
from Am197, 278, 283 
Faraday cups for flux 
measurements, 264, 265 
induced activity measure- 
ments, 268-70 
nuclear emulsions for flux 
measurements, 265, 266 
secondary monitors for 
scaling to higher beam 
intensities, 267, 268 
Multiple scattering effects on 
charged particle 
penetration, 46-49 
see also Stopping power 
Muon-electron scattering, 
453, 454 
Muonium, 454-56 
Muon neutrinos 
electric charge, 446, 
447 
electromagnetic inter- 
actions, 446, 447 
high energy scattering, 
485-87 
hyperon production by high 
energy neutrinos, 486 
pion production by high 
energy neutrinos, 486, 
487 
possible anomalous 
interactions, 496-99 
quasi-elastic scattering, 
485, 486 
spin, 446 
static properties, 445-47 
statistics, 447 
Muons 
anomalous interaction 





effect on the muon 
magnetic moment, 499 
effect on pion-muon to 
pion-electron decay rate 
ratio, 498, 499 
anomalous magnetic 
moment, 436-41, 499 
anomalous muon-nucleon 
interaction, 498 
atomic binding effects in 
muon decay, 488- 
90 
captive, 471-85 
in C12, 480, 481 
in complex nuclei, 475, 
477-85 
disappearance and rates 
for negative muons, 
tabulated, 478, 479 
in F19, 481, 482 
in He3, 479, 480 
in hydrogen, 471-76 
in O16, 480-82 
catalysis of p-d fusion, 
491, 493-95 
decay electron polarization 
measurements, 462, 
463 
decay parameter: U—e+v+7, 
460-67 
6 parameter, 462 
depolarization in solids, 
495-97 
electric dipole moment, 
443, 448, 449 
electromagnetic inter- 
actions, 447-57, 463-66 
see also Muons — static 
properties 
interactions via the w°,7° 
and p vector muons 
K meson-muon-neutrino 
decay, 470, 471 
magnetic moments, 433-41, 
490-92, 499 
of bound muons, 490-92 
mass generation by inter- 
actions, 496-98 
muon atoms, 487-91 
muon molecules, 491-96 
neutrinoless decay, 463, 


neutron asymmetry in 
muon capture, 482-85 

photo-pair production, 451- 
53 


pion decay into muons and 
muon neutrinos, 467-69, 
498, 499 

possible anomalous inter- 
actions, 496-99 

production by decay of the 
w meson, 423, 424 

radiative decay, 463-66 

radiative muon capture, 
485 

rare decay modes 











upper limits, 465, 466 
p value, 461 
scattering, 449-51 
spin, 444 
static properties, 433-45 
statistics, 444, 445 
total decay rate, 465-67 
weak interactions, 459-87 
= parameter, 461, 462 
X-ray experiments 
energy and yield, 441, 
442, 487-89 
Muons and muon neutrinos, 
431-504 
conservation law, 457, 458 
CP invariance, 458 
generalized 5 invariance, 
458, 459 
lepton pair locality, 
458 
muon-electron symmetry, 
458 
universal Fermi inter- 
action, 458, 459 
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Neutrinos, muon associated 
electric charge, 446, 
447 


electromagnetic inter- 
actions, 446, 447 
high energy scattering, 
485-87 
hyperon production by high 
energy neutrinos, 486 
mass, 445, 446 
and muons, 431-505 
see also Muons and muon 
neutrinos 
pion production by high en- 
ergy neutrinos, 486, 487 
possible anomalous inter- 
actions, 496-99 
quasi-elastic scattering, 
485, 486 
spin, 446 
statistics, 447 
weak interactions, 457-87 
Neutron asymmetry 
in muon capture, 482-85 
see also Muons 
Nuclear stopping power, 80-81 
Nuclear stripping reactions, 
191-260 
angular correlation and 
polarization, 229-37 
antisymmetrization in 
stripping reaction 
calculations, 196, 197 
Butler formula, 197-206, 
219-21 
Butler theory 
limitations, 203, 205, 
206, 219-21 
core rearrangement, 237- 
39 
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Coulomb potential effects 
in stripping reactions, 
205-14, 220, 221 

cross section for single- 
nucleon stripping 

general form, 193-96, 
225, 253, 256 

cutoff approximation, 199- 
200, 217, 219 

deuteron wave functions 
used in stripping 
calculations, 198, 199 

distorted-wave method, 
206-16, 219, 221 

distorting potential in 
stripping reactions, 
212-15 

exchange stripping, 238 

finite-range force in 
distorted-wave 
calculations, 211, 212, 
221 

heavy-particle stripping, 
239 

optical- model potentials, 
212-15, 221 

plane-wave approximation, 
197-206, 219 

limitations, 203, 205, 
206, 219-21 
polarization and angular 
correlation, 229-37 
polarized deuteron beams 
for stripping studies, 
235, 236 

radius parameter in Butler 
theory, 201, 203, 204, 
206 

rearrangement stripping, 
237-39 

reduced widths, 217, 219- 
29 

single-nucleon stripping 
reactions, 193-239 

single-nucleon transfer 
reactions other than 
(d,p), 239, 240 

spectroscopic factors and 
nuclear structure, 216- 
29 
spin-orbit potential 
effect on polarization, 
233-36 

two-nucleon transfer 
reactions, 240-54 
54 

distorted-wave 
calculations, 246, 
247 

general analysis, 240- 
50 


interpretation of some 
experiments, 250- 


zero-range approximation 
in the distorted-wave 
calculations, 211, 212, 


221 
Nucleic acids 
effects of radiation, 539- 
42, 549-51 
see also Radiation effects 
on biologic macro- 
molecules 


oO 


w meson 
see Pionic resonances 
Oxygen effect in radio- 
biology, 541, 542, 545, 
546, 549, 554, 555 
see also Radiation effects 
on biologic macro- 
molecules 


P 


Passage of heavy ions 
through matter, 67-102 
see also Stopping power 
Physics of fallout, 505-54 
see also Fallout 
Pion decay 
into electrons and 
neutrinos, 469, 470, 
498, 499 
see also Muons 
into muons and neutrinos, 
467-69, 498, 499 
see also Muons 
Pionic resonances, 287- 
340 


ABC anomaly, 313-15 

angular momentum of the 
charged p, 302-5 

angular momentum of the 
neutral p°, 305-7 

Dalitz-Fabri plots for 
meson decays, 293-95, 
314, 319, 327-29 

dipion system, 291- 
314 

experimental situation, 

300, 301 

7 meson, 325-35 

7 meson-decay modes, 
331-35 

general techniques for 
analysis of the 2-pion 
system, 291-300 

mass spectrum of the f 
meson, 309-13 

w° decay 

estimated partial widths, 

322 

w meson, 314, 316-25 

production of the p and 
the ratiop charged/p 
neutral, 307, 308 

properties of the p meson, 
301, 302, 308, 309 

Pionic system 
mass spectrum of theo 
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meson, 301, 302 
Proteins 
in concentrated solutions 
and cells 
radiation effects, 552, 
553 
see also Radiation 
effects on biologic 
macromolecules 
irradiated in the 
dry state, 545- 
49 
see also Radiation 
effects on biologic 
macromolecules 
radiation effects, 537-39 
see also Radiation 
effects on biologic 
macromolecules 
Proton beams 
high energy monitor 
reactions for, 261-86 
see also Monitor reactions 
for high energy proton 
beams 
Protons 
penetration through matter, 
1-66 
see also Stopping power 
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Radiation effects on biologic 
macromolecules, 535- 
64 
amino acid irradiation 
effects, 537, 547-48 
carbohydrates, 557 
in concentrated solutions 
and cells, 551-55 
in dilute solutions, 535-42 
DNA in concentrated 
solutions and cells, 553- 
55 
DNA in dilute solutions, 
539-42 
DNA irradiation, 539-42, 
549-51, 553-55 
effects in the dry state, 
549-51 
dry state irradiation 
effects, 543-51 
enzyme inactivation, 537- 
39, 545-49, 552, 553 
enzymes in concentrated 
solutions and cells, 552, 
553 
inactivation of enzymes, 
537-39, 545-49, 552, 
553 
lipids, 555, 556 
macromolecules in dilute 
aqueous solution 
radiation effects, 535-42 
nucleic acids, 539-42, 549- 
51, 553-55 
in concentrated solutions 
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and cells, 553-55 
in dilute solutions, 539-42 
irradiated in the dry 
state, 549-51 
oxygen effect, 541, 542, 
545, 546, 549, 554, 555 
in concentrated solutions 
and cells, 554-55 
in dilute solution, 541, 
542 
in the dry state, 545, 546 
protein irradiation, 537-39, 
545-49, 552, 553 
proteins 
in concentrated solutions 
and cells, 552, 553 
in dilute aqueous solution, 537 
irradiated in the dry state, 
545-49 
radical scavengers, 539 
radicals and molecules 
produced by ionizing in 
water, 536 
serological properties of 
protein, 539 
spectrum of energy loss 
events, 543-45 
Radioactivation analysis, 
145-62 
see also Activation analysis 
Range-energy relationships, 
16, 17, 61, 62, 82-83, 
97-99 
for heavy ions, 67-102 
see also Stopping power 
for protons, alpha particles, 
and mesons, 1-66 
see also Stopping power 
see also Stopping power 
Resonances, pionic, 287-338 
see also Pionic resonances 
Resonant states of pions, 
287-340 
see also Pionic resonances 
Resonant states of the 
strange particles, 339- 
430 
see also Strange-particle 
resonant states 
p meson 
see Pionic resonances 


Ss 


Scattering of muons, 449-51 
see also Muons 
Statistics of muon neutrinos, 
447 
see also Muon neutrinos 
Statistics of muons, 444, 445 
see also Muons 
Stopping power, 1-102, 543, 
545 


basic formulas, 4, 5, 13- 
16 

boundary effects, 57, 58 

charge fluctuations, 75-80 


chemical combination and 
aggregation effects, 25- 
28 
delta rays, 51 
density effect 
calculation of, 58, 59 
electron capture and loss 
effects at low energy, 61, 
75-80 
theoretical treatment, 77- 
80 
electron stopping power 
curves, 87-97 
energy deposition 
distribution about the 
track, 49, 50 
energy straggling, 39-49 
equilibrium charge distri- 
butions of ions, 83-87 
fast charged particles, 1- 
102 
Gaussian straggling, 39- 
43, 45, 46, 81-83 
grain and bubble counts, 
55-57 
heavy ions, 67-102 
high-Q approximation, 13- 
16 


high-Q effects at extreme 
relativistic energies, 22, 
23 

inner shell corrections, 28- 
38 

intermediate-Q range, 12- 
16 

ionization yield, 53-55 

I, tabulated values, 26 

Landau-type approximation, 
43-45 

longitudinal interaction, 6- 
8 


low-Q approximations, 11- 
16 

low-Q longitudinal 
excitations, 17-20 

low-Q transverse 
excitations, 20-22 

luminescence, 55-57 

mapping on the (Q, E,,) 
plane, 9-11 

mean excitation energy, I, 
24-29 

tabulated values, 26 

multiple scattering effects, 
46-49 

nuclear stopping power, 80- 
81 


primary ionizations and 
excitations, 51, 52 

protons, alpha particles, 
and mesons, 1-66 

range-energy relations, 16, 
17, 61, 62, 82, 83, 97- 
99 

range formula, 16, 17, 61, 
62, 82, 83 

recoil variables 











small recoil approxi- 
mation, 5, 6 
relative, 73, 74 
semiempirical range- 
energy relations, 61, 
62, 98, 99 
shell corrections, 29-39 
calculated with hydrogenic 
wave function, 32-34 
by expansion in power of 
l-v2, 34-37 
summary of evidence, 37- 
39 
spectrum of energy loss 
events, 543-45 
straggling, 39-43, 45, 46, 
81-83 
tables of stopping power 
and range, 60, 61 
theoretical analysis, 4-24, 
69-83 
theoretical treatment for 
high energy heavy ions, 
70-75 
transverse interaction, 6- 


Strange-particle resonant 
states, 339-430 
baryonic states 
properties of, tabulated, 
341 
dynamical interference in 
final-state interactions, 
355 
"eightfold way," 334, 335, 
374, 375, 421-24 
electromagnetic inter- 
actions 
in the octet model, 334, 
335, 424 
final-state interactions 
effect on resonances, 
354-58 
hyperon-pion resonances 
(Y=o), 380-415 
interference with back- 
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ground production 
in final-state interactions, 
357, 358 
interference between over- 
lapping resonance bands 
in final-state interactions, 
355-57 
isolated resonances in 
multichannel system 
general theoretical 
discussion, 346-54 
K*(726) or « meson, 371- 
75 
K-K resonance and the 
meson, 375-80 
K*(888) meson 
present states, 364-71 
K-mesonic states 
properties of, tabulated, 
340 


K-N systems (Y=+1), 418-20 
mesonic resonance states 
discussion of known 
examples, 364-80 
octet model, 334, 335, 
374, 375, 421-24 
peripheral collisions 
general theoretical 
discussion, 358-60 
picn hyperon resonances 
(Y=0), 380-415 
pion-xi resonances (Y=-1), 
415-18 
quantum numbers of the 
known bosons and 
baryons 
general discussion, 345, 
346 
resonances and final-state 
interactions, 354-58 
resonant states 
general remarks, 346-64 
Sakata model, 421, 422 
spin-party determination 
for isolated baryonic 
resonance 
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discussion, 360-64 
strong interactions 
general properties, 343- 
46 


theoretical aspects of 

resonant states 
general discussion, 346- 

64 

=*(1529) state, 415-18 

Y1*(1385) state, 380-87 

Y,.*(1405) state, 387-96 

Y,*(1520) state, 387-89, 
396-407 

Y1*(1660) state, 407-11 

Yo.*(1815) state, 411-13 

Stripping reactions, 191- 

260 


see also Nuclear stripping 
reactions 
Strong interactions, 287-430 
see also Pionic resonances; 
Strange-particle 
resonant states 
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Triangle plots in bubble 
chamber data analysis, 
115-18 

see also Bubble chamber 
data analysis 
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Unitary symmetry, 334, 
335, 374, 375, 421- 
24 
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Weak interactions 
intermediate bosons, 374, 
375 
of muons and muon 
neutrinos, 457-87 
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